The present paper discusses the stability studies carried out on a small number of torque transducers over the years with capacities ranging from 10 Nm to 1000 Nm. The torque transducers have been calibrated using the torque standard machine based on the written standard calibration procedure. The study reveals that the uncertainty of measurement of torque transducers has been varying appreciably and it is more for lower range. Besides, the deviation from their average values has also been studied and found to be varying through the years.
INTRODUCTION
O fiel m RQUE MEASUREMENT plays a vital role in various ds of science and requires a precision measurement ethod. A torque transducer may be judged on the basis of its metrological performance which may be summarized in terms of the uncertainty of measurement. The uncertainty of measurement is derived from comparing the torque transducer under test to the torque standard machine with known uncertainty and has traceability to the national standards. As per the standard BS 7882 guidelines, when any torque transducer has been calibrated, it is mandatory to indicate the quality of results in terms of repeatability error, reproducibility error, zero error, resolution error, uncertainty of measurement, etc. The present paper discusses the stability studies of a number of torque transducers with capacities ranging from 10 Nm to 1000 Nm calibrated at the National Physical Laboratory, India (NPLI). For the present study, torque standard machine of capacity 2000 Nm has been used. The bmc is determined as ± 0.05% (k = 2) for torque standard machines. The torque proving instruments are calibrated as per the standard calibration procedure based on standard BS 7882. The uncertainty of measurement of the torque transducers under study involves the deviations due to zero error, repeatability error, reproducibility error, resolution error and the uncertainty of measurement of torque due to the torque standard machine [1] [2] [3] [4] [5] .
EXPERIMENTAL SETUP AND CALIBRATION

PROCEDURE
Different types of torque measuring devices are widely used for varying capacities depending upon their applications like power measurement of engine, turbine or other rotating machines in addition to precision measurement of torque, but strain gauged torque transducers are used widely and found to have the precise measurement of torque. These torque transducers consist of a sensing element with strain gauges implanted at suitable locations to measure the strain when the torque transducer is under external torque. The suitable data acquisition system enables to get the electrical output in form of mV, Nm or any other form (Fig.1) .
For the present study, torque standard machine of capacity 2000 Nm has been used. Calibration of torque transducers is accomplished by loading the torque transducer into the torque standard machine to the beam of length 1 m on either side of the torque transducer. One side of the beam has balancing weight and the other side has a hanger so that calibrated weight of known value in terms of newtons, e.g., 20 N, 50 N etc., may be applied depending upon the capacity of torque transducer and the torque required to be generated. The torque standard machine has been compared with the primary torque standard machine (bmc ± 0.01% (k = 2)) by means of precision torque transfer standards. These torque transfer standards are precision strain gauge type having the uncertainty ± 0.025%. The torque transfer standards are calibrated directly against the national torque standards over whole of the range as per the standard calibration procedure based on standard BS 7882. The bmc of the torque standard machine of capacity 2000 Nm has been found to be ± 0.05% (k = 2). The environmental conditions have been maintained (temperature 23 ± 1 O C, relative humidity 50 ± 10%).
T
The calibration of the torque transducer was carried out by applying a series of torque calibrations in increasing order from 10% to 100% in incremental steps of 10%. If is not possible to rotate the torque transducer, the torque transducer may be removed from the torque standard machine and may be remounted to the torque standard machine to take remaining series of torque calibrations.
The uncertainty of measurement of the torque transducer involves the deviations due to zero error, repeatability error, reproducibility error, resolution error and the uncertainty of measurement of torque due to the torque standard machine. The uncertainty of measurement has been computed based on guidelines as per standard [1] [2] [3] [4] [5] .
Deviation from average value is given as Deviation (%) = 100*(X " -X (Fig.2-13 ). The torque transducer of 10 Nm suggests that the repeatability error and reproducibility error were maximum in 2008 and were the main contributory factor for the uncertainty of measurement. Hence, the uncertainty of measurement of the torque transfer is highest in 2008. The deviation from the average value is maximum in 2009. Variations in resolution error and zero error are found to be negligible (Fig.2-5 ). The torque transducer of 100 Nm suggests that the uncertainty of measurement, repeatability error and reproducibility error are were higher in 2006 and 2010. Also, the deviation from the mean value is was higher in 2006 and 2010 and it is was higher is in the lower range of the torque transducer. Resolution error and zero error are very less small and their variation is also insignificant, hence not shown (Fig.6-9 ). The study of torque transducer of 1000 Nm indicates that uncertainty of measurement, repeatability error and reproducibility error has had very less little variation in the respective years. But, the deviation form from the average value is very less low in 2008 in comparison to 2006 and 2010 (Fig.10-13 ). Some torque transducers have been studied for their stability over the years using their calibration values against the torque standard machines in the range of 10 Nm to 1000 Nm. The stability study suggests that the values are varyingvary with time and the variation is high in the lower range of the torque transducers. The higher variations in the lower range of torque transducers may be attributed due to poor resolution and higher relative deviations due to repeatability error and reproducibility error. The repeatability error, reproducibility error and deviation from average value have been varying significantly through the years for the torque transducers over the years. The variations do not represent any trend in a particular direction and may be random in nature. Hence, the study provides a scope for a strict vigil over the behavior of torque transducers over the years and if values vary beyond the manufacturer's specifications, an intensive analysis need is necessary to be done for deciding the suitability of the torque transducer. 
